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SYSTEM, METHOD AND PROGRAM FOR 
GENERATING MASK DATA, EXPOSURE 
MASK AND SEMICONDUCTOR DEVICE IN 
CONSIDERATION OF OPTICAL PROXIMITY 

EFFECTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS AND INCORPORATION BY 

REFERENCE 

This application is based upon and claims the bene?t of 
priority from prior Japanese Patent Application P2004 
360210 ?led on Dec. 13, 2004; the entire contents of Which 
are incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to technology for making 

mask data, and particularly to a system, a method and a 
program for generating mask data, exposure mask and semi 
conductor device in consideration of optical proximity effects 

2. Description of the Related Art 
With the miniaturization of a large scale integrated circuit 

(LSI), an LSI having a minimum line Width equal to or shorter 
than a half of the Wavelength of a light source of exposure 
equipment is required. Due to the miniaturization of such an 
LSI, a problem arises because of optical proximity effects 
(OPE) Where a pattern With a desired shape cannot be trans 
ferred onto a Wafer due to the in?uence of an adjacent pattern 
on the image of a mask pattern projected on the Wafer. Here 
inafter, the amount of change in shape of an actual pattern 
formed on the Wafer, as compared to the desired pattern, is 
referred to as a “pattern change amount”. 

Optical proximity correction (OPC) has recently been 
made Where a correction of a mask pattern is made in con 
sideration of the optical proximity effects in the photolithog 
raphy process. Also, process proximity correction (PPC) has 
been made Where correction of a mask pattern is made in 
consideration of the proximity effects in the etching process 
and the like in addition to the optical proximity effects. For 
example, the folloWing method for generating mask pattern 
correction data has been proposed. The method includes 
forming a pattern on a Wafer by applying an appropriate mask 
pattern to a process used in the manufacture of a semiconduc 
tor device; generating a prediction model of a pattern in 
consideration of the pattern change amount by measuring the 
shape and dimension of the formed pattern; predicting the 
?nished shape of a circuit pattern of a semiconductor device 
With the prediction model; and generating mask pattern cor 
rection data based on the predicted ?nished shape. 
When generating the prediction model, it is required to set 

an area, including patterns in?uencing each other, on the 
dimension or shape of a prediction target pattern. Then, the 
set area is assumed to be a reference area, and the mask 
pattern is corrected based on the prediction model included in 
the reference area. The “reference area” is an area for refer 
ring to the mask pattern correction data centering on a focused 
point in order to determine the correction amount to be 
applied in the process proximity correction centering on the 
focused point of a given pattern. In general, the reference area 
is often set in a manner by including a plurality of patterns 
exercising optical in?uence on each other, and the siZe of the 
reference area is set Within tWo microns. 

HoWever, due to the in?uence of the pattern density in the 
surroundings, a phenomenon that the pattern change amount 
in an area Where the process proximity correction is made is 
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2 
different is often observed. This phenomenon is, for example, 
termed “stray light” or “?are”, Which is generated by non 
uniforrnity of optical elements and the like used for an optical 
system of an exposure system, or by a deviation from a 
desired shape. Alternatively, the phenomenon is referred to as 
loading effects produced in the resist development process or 
the etching process. Here, the above-mentioned phenomenon 
is hereinafter described as a “?are” phenomenon. The “pat 
tern density” (or “pattem density”) is a value found in a 
manner such that the space for a pattern in a given area is 
divided by the space of the given area. The pattern density in 
the mask pattern is referred to as the “mask pattern density”. 
There is a case Where the reference area is set to include 
surrounding areas Which are a cause of the ?are phenomenon 
and Where the prediction model is generated. The space of the 
reference area becomes large due to consideration of the ?are 
phenomenon. 

In the LSI including a memory such as a random access 
memory (RAM), the same design pattern is repeatedly used. 
Therefore, design data, Which is compressed While the same 
design pattern is divided into the graphic and arrangement 
information, often has a layered structure. When the space of 
the reference area is increased, there is a case Where all design 
data of a RAM and the like are included in one reference area 

in an LSI including a memory. In such case, the memory cell 
patterns in the central portion of a memory cell array and in 
the peripheral portion of the memory cell array may have a 
differently in?uenced by the process proximity effects due to 
the difference in respective pattern density, even if they are the 
same memory cell patterns. Hence, it is not possible to apply 
the same correction amounts to all memory cell patterns. 
Thus, after developing the layered structure of the design data 
(hereinafter, referred to as a “?attening of design data”), a 
process proximity correction for each memory cell pattern is 
required. Therefore, if the process proximity correction in 
Which a Wide reference area is set in consideration of the ?are 
phenomenon, the amount of mask data after the process prox 
imity correction increases due to the ?attening of the design 
data, and thus the time required for the process proximity 
correction increases. 

As a method of the process proximity correction in con 
sideration of problems folloWing the ?attening of the design 
data, there is a method in Which the process proximity cor 
rection is ?rst made in a small reference area and the process 
proximity correction is added in the electron beam exposure 
process together With an electron beam irradiation amount 
correction. 

HoWever, since the process proximity correction is made 
together With the electron beam irradiation amount correc 
tion, as performed in electron beam equipment in the above 
mentioned method, it is di?icult to check the process prox 
imity amount correction applied to a manufactured 
semiconductor device. The check referred to here is to check 
Whether or not a circuit pattern of a semiconductor device 
manufactured by use of a generated mask pattern based on an 
applied correction amount or correction shape is completed 
as desired, by using design data, post-correction mask pattern 
data and a prediction model. Furthermore, the above-men 
tioned check is to check Whether or not the circuit pattern can 
be formed in a range of a predetermined dimension change 
amount, or Whether or not the circuit pattern can be formed in 
a range of a predetermined dimension change amount under 
tolerable process changes (for example, an exposure amount 
change, a focus change, a mask pattern dimension change, a 
resist sensitivity change, a development time, a temperature 
change, an etching condition change, and the like). 
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Moreover, if the correction target area of the electron beam 
irradiation amount correction fails to agree With the reference 
area of the process proximity correction, the accuracy of the 
process proximity correction is not su?icient. There is a 
knoWn case Where an area of several microns to several hun 
dred microns is required as the reference area of the process 
proximity correction, While a common electron beam irradia 
tion correction target area is of several tens of microns at a 
dimension on a mask. 

SUMMARY OF THE INVENTION 

An aspect of the present invention inheres in a system for 
generating mask data. The system includes an extracting 
module con?gured to extract a block necessary to correct 
process proximity effects as a Wide correction area from a 
plurality of blocks by comparing parameter, Which in?uences 
process proximity effects, of each mask pattern in the blocks 
With an extraction condition, design data being divided into 
the plurality of blocks on a chip area and to; a Wide correction 
data generator con?gured to generate Wide correction data to 
make the correction applied to the Wide correction area; and 
a mask data generator con?gured to generate mask data by 
applying the Wide correction data to the Wide correction area. 

Another aspect of the present invention inheres in a com 
puter implemented method for generating mask data. The 
method includes dividing design data into a plurality of 
blocks on a chip area; extracting a block necessary to correct 
process proximity effects as a Wide correction area from the 
plurality of blocks by comparing parameter, Which in?uences 
the process proximity effects, of each mask pattern in the 
blocks With an extraction condition; generating Wide correc 
tion data to make the correction applied to the Wide correction 
area; and generating mask data by applying the Wide correc 
tion data to the Wide correction area. 

Still another aspect of the present invention inheres in an 
exposure mask produced With mask data. The mask data 
being generated by a method including dividing design data 
into a plurality of blocks on a chip area; extracting a block 
necessary to correct process proximity effects as a Wide cor 
rection area from the plurality of blocks by comparing param 
eter, Which in?uences the process proximity effects, of each 
mask pattern in the blocks With an extraction condition; gen 
erating Wide correction data to make the correction applied to 
the Wide correction area; and applying the Wide correction 
data to the Wide correction area. 

Still another aspect of the present invention inheres in a 
method including a photolithography process using an expo 
sure mask for manufacturing a semiconductor device. The 
method includes dividing design data into a plurality of 
blocks on a chip area, extracting a block necessary to correct 
process proximity effects as a Wide correction area from the 
plurality of blocks by comparing parameter, Which in?uences 
the process proximity effects, of each mask pattern in the 
blocks With an extraction condition, generating Wide correc 
tion data to make the correction applied to the Wide correction 
area, generating mask data by applying the Wide correction 
data to the Wide correction area; and producing the exposure 
mask based on the mask data. 

Further, still another aspect of the present invention inheres 
in a computer program product to be executed by a computer 
for generating mask data. The program includes instructions 
con?gured to divide design data into a plurality of blocks on 
a chip area; instructions con?gured to extract a block neces 
sary to correct process proximity effects as a Wide correction 
area from the plurality of blocks by comparing parameter, 
Which in?uences process proximity effects, of each mask 
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4 
pattern in the blocks With an extraction condition; instruc 
tions con?gured to generate Wide correction data to make the 
correction applied to the Wide correction area; and instruc 
tions con?gured to generate mask data by applying the Wide 
correction data to the Wide correction area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a schematic structure of a system for gener 
ating mask data according to an embodiment of the present 
invention; 

FIG. 2 shoWs a top vieW of a chip area to explain a reference 
area to be set by a system for generating mask data according 
to an embodiment of the present invention; 

FIG. 3 shoWs a schematic structure of exposure equipment; 
FIG. 4 is a ?oWchart explaining a method for setting a basic 

reference area according to the embodiment of the present 
invention; 

FIG. 5 is a graph shoWing degree of spatial coherence; 
FIGS. 6A through 6D shoW exemplary mask patterns to 

explain mask pattern density and a pattern change amount; 
FIGS. 7A through 7C shoW exemplary mask pattern areas 

to explain mask pattern density and a pattern change amount; 
FIG. 8 is a graph shoWing relation betWeen mask pattern 

density and a pattern change amount; 
FIG. 9 is a ?oWchart explaining a method for setting a Wide 

reference area according to the embodiment of the present 
invention; 

FIGS. 10A through 10B shoW patterns to explain the cor 
rection data of the mask pattern; 

FIGS. 11A through 11F shoW exemplary design data to 
explain a method for setting the Wide reference area; 

FIG. 12 is a graph shoWing a relation betWeen a distance 
from the center of the mask pattern area and the pattern 
change amount; 

FIG. 13 is a ?owchart explaining a method for extracting a 
Wide reference area according to the embodiment of the 
present invention; 

FIG. 14 shoWs an example of dividing the design data into 
the blocks according to the embodiment of the present inven 
tion; 

FIG. 15 shoWs a table of exemplary parameter of the blocks 
shoWn in FIG. 14; 

FIG. 16 shoWs an example of mask pattern density of 
blocks shoWn in FIG. 14; 

FIGS. 17A through 17B shoW exemplary Gaussian distri 
bution function to explain a method for setting the Wide 
reference area; 

FIG. 18 is a graph shoWing a relation betWeen Weighted 
mask pattern density and the pattern change amount; 

FIG. 19 is a ?oWchart explaining a method for generating 
mask data according to the embodiment of the present inven 
tion; 

FIG. 20 shoWs a schematic structure of an exposure mask 
according to an embodiment of the present invention; 

FIG. 21 shoWs a top vieW of a semiconductor device manu 
factured using a method for manufacturing a semiconductor 
device according to the embodiment of the present invention; 

FIG. 22 shoWs a sectional vieW of a semiconductor device 
manufactured using a method for manufacturing a semicon 
ductor device according to the embodiment of the present 
invention; 

FIGS. 23 through 26 shoW structural sectional vieWs of the 
semiconductor device to explain the method for manufactur 
ing a semiconductor device according to the embodiment of 
the present invention; 






















